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%his report summ~rizes the achievements of two years of 

weight reduction and performance improvement efforts on the 

Saturn S-IVB Stage, which result,ed in Saturn n~yload c~pability 

improvements of more than 5000 p~Unds on the Saturn IB and m3re 

r,rlen 6000 pounds on the Saturn V. 
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I m O B U C ' % I O N  A N D  SlJl*Q,lr< RY 

Through t h e  combined e f f o r t s  of t h e  Douglas A i r c r a f t  Company and I ~ S ) I / ~ F C ,  

a two year  a m e n t e d  weight con t ro l  program was implemented on the  Saturn 
rnh 

S-ITB Stage. A s  a  r e s u l t  of design isnprovements stemming from t h i s  program, 

the  opera t ional  Saturn PB payload c a p a b i l i t y  was increased by 5,452 pounds, 

and the  spe ra t iona1  Saturn V payload c a p a b i l i t y  was increased by 6,299 pounds* 

I n  addit ion,  numeram s tudies  were i n i t i a t e d  as a r e s u l t  of  the  a m e n t e d  

weight con t ro l  program providing the  means f o r  even g rea te r  payload improve- 

ments, which a r e  avai lable  i n  t h e  event t h a t  follow-on Saturn programs requ i re  

improved payload capabi l i ty .  

* 
It i s  the  purpose of t h i s  repor t  t o  summarize the  achievements of the  augmented 

weight c o n t r o l  program, and t o  b r i e f l y  describe,  f o r  f u t u r e  reference,  p o t e n t i a l  

payload b p r o v m e n t  ideas which have not been implemented. 

Q 

1.1 

As a resPllt of mfavorable  weight growth problems on the  S a t w n  Bogram, i n  

mid 1964 Douglas was d i rec ted  t o  s tudy means t o  improve vehibcle payload 

capab i l i ty ,  and t o  propose t o  NASA those mrovements  which were cons i s t en t  

with o v e r a l l  program object ives.  mis e f f o r t  wes t o  continue u n t i l  mid 1966. 

Wherever possible,  within the cons t ra in t s  of' funding, s e h e d u c s ,  and speci -  

P ica t ion  r e v i r e m e n t s ,  Dou(l1as m L a e n t e d  design changes f o r  payload *rove- 

ment within t h e  scope of the bas ic  con t rac t .  These bmprovements, h jghl ighted  

i n  Section 1.2, r e su l t ed  i n  payload gains of 938 pounds on the  opera t ional  

S a t w n  $t3 and 932 pounds on the  opera t ional  Saturn V. 

Where design changes for payload improvement were c l e a r l y  outside the  boundaries 

or" Randing, schedules and t echn ica l  cons t ra in t s  on Douglas, NASA/F.IISFC d i rec ted  

such cheawes tkrowh snpropr ia te  modificat ions to the con t rac t .  These changes, 



highl ighted  i n  Sect ion 1 .3 ,  r e s u l t e d  in  payload ga ins  of 4,514 pounds on 
i t he  ope ra t iona l  Saturn I B  and 59367 pounds on the  ope ra t iona l  Saturn V. 1 1 

It was t h i s  unique combination of government i ndus t ry  teamwork t h a t  r e s u l t e d  
I 
I i n  aggregate payload gains  of  two and one-half tons  of payload on the  Saturn 
I 

I% and th ree  tons of payload on t h e  Saturn V through improvements i n  t h e  

S-IVB Stage.  

l , 2  

DAC implemented design improvement chawes  on the  S-IVB r e s u l t e d  in payload 

gains  of 938 pounds and 932 pounds on the ope ra t iona l  Saturn I B  and Sa turn  V, 

r e spec t ive ly .  Outstanding among these changes a r e  improved i n t e r n a l  i n s u l a t i o n  

(517 pounds on both I B  end v ) ,  removal of lenk  check (190 pounds on V, 165 
i 

I pounds on I%), removal of i n su la t ion  on ambient helium b o t t l e s  (158 pounds on 

V)  and elimina-(;ion of two co ld  helium b o t t l e s  (205 pounds on IB) .  Tnbles 1.-1 
I , and 1-2 and Figures  1-1 and 1-2 provide A l i s t i n g  a n d g r ~ p h i c  presenta t ion  of 

t hese  and o the r  appl icnble  DAC implemented des ign  improvement changes. I n  

addi t ion ,  b r i e f  t e c h n i c a l  desc r ip t ions  of each change may be found i n  Sec t ion  111- 

%A 

1.3 

MSFC d i r e c t e d  design changes on the  S-PVB r e s u l t e d  i n  payload geins  o f  3,3b7 

pounds and 4,514 pounds on the  operational.  Saturn V and Saturn TB, respect ivel-y.  

Outstanding among these  changes a r e  ope ra t iona l  te lemet ry  (1,835 pounds on V, 

1,686 pounds on EB),  con:inuous vent ing (1,888 pounds on V) v a r i a b l e  EMPt 

(2,010 pounds on I B ) ,  cryogenic r ep re s su r i za t ion  (925 pounds on v) ,  and time 

delay of dep le t ion  sensors  (530 pounh on both TR 'and v )  . Tables 2-3 and 1-4 

nnd Figures 1-3 and 2-4 provide a l i s t i n g  and grophic p re sen ta t ion  of t hese  

efid o ther  opplil:ebl@ !!SF? ( I i rec ted  changes. In  ~ d d i t i o n ,  a  b r i e f  d e s c r i p t i o n  

of each change may b e  foun4 i n  Sect ion 111. Note t h a t  t h e  es t imate  o f  p ~ y l o a d  

ga in  r e s u l t i n g  from var iab le  EMR ( ~ o b l e  1-4)  has been r ev i sed  from previous ly  
" 

published values as  a  r e s u l t  of more re f ined  ana lys i s .  

rat, 
When the  ~ w m e n t e d  wejght con t ro l  progrnrr, was i n i t i n k d ,  i t  was recognized 

t h e t  e f f e c t i v e  weight con t ro l  I s  achieved f,hrough the  ' e f f o r t s  of  mRny people,  

end tha t . pny lond  g ~ i n s  ccnieved through d i f f i c u l t  snd c o s t l y  redes igns  

2 



could be l o s t  if' everyone connected with the  design rand p rogrm m a n a g e ~ e n t  

of t he  Sa*n program was not made aware of t h e  importance of weight control. 

A s  a r e s a t ,  a weight conseiausness program was i n i t i a t e d ,  u t i l i z i n g  color-  

fu% and at tent ion-gett i r tg posters  and char ts ,  with the  two-fold objec t ive  

of (I) h ighl ight ing  the  importance of weight cont ro l ,  thus encouraging 

designers t o  "thi* l i g h t "  and avoid unnecessary weight growth, and (2 )  t o  

encotasage and s t  

reduction study e f f o r t .  

Examples of mater ia ls  used i n  the  weight consciousness program are  contained 

i n  Section 1T of t h i s  repor t .  

1 .5  

A continuous two year weight reduction and performance improvement stud&' 

e f f o r t  was i n i t i a t e d  i n  July 1964 conduc&ed by design s p e c i a l i s t s  i n  she 

applicable engineering areas.  I n  addit ion,  a Monthly Weight Control S ta tus  

. Report was i n i t i a t e d  t o  r e f l e c t  the  r e s u l t s  of t h i s  study e f f o r t .  This 

being the  f i n a l  repor t  i n  the s e r i e s  of r epor t s  designed t o  document the  

r e s u l t s  of the  study e f f o r t s ,  a b r i e f  desc r ip t ion  has been provided i n  

Section I11 of a l l  s tud ies  previously reported,  including implemented design 
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CURRENT WEIGHT ==-== TARGET WEIGHT 

Figure 2-3 .  Electronics Weight Status 
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I CURRENT WEIGHT 1-11- TARGET WEIGHT 

Figure 2-4. Propu!sion Weight Status 
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were introduced as  study items and s t u d i  

o r  discontinued 

improvement item, including a notat ion as t o  each item has b 

implemented, discontinued, o r  is s t i l l  under s tudy.  

Follxring Table 3-1 are  a s e r i e s  of b r i e f  descr ip t ions  of each study 

Since t h i s . i s  the  l a s t  repor t  of t h i s  type, descr ip t ions  a r e  given of a l l  

s t i l l  ac t ive .  







k.l 
& 

D E S e W I m O N  SmWS 

Redesign Common Discontinued 18 37 
Use of Bevllieun-ALuminm Alloy fo r  s i n s  Discontinued 18 38 
and Boublers of the  Sk i r t s  and Inters tage 

Redesign Electronic E$uipment Mounting Panels linplemented 12 39 
Redesign Mounting Bridge, Ullage Rocket Discontinued 13 40 
Fairing Assembly 

41 S-IIVB"? Aft Skirt Skin Thickness Reduction Under Study 

bcul S-IVS,'V Aft Interstage Skin Thiclmess Reducti : L l  

Rexrerse Flow P,ngine milldown System 11 42 
Redesign Transducers and Mating Parts  Discontinued . 13 43 
from Conoseal. t o  lYlC Design 

Elimination of Cold Helium Bottles on S-IVB/I 14 4h- 
45 Reduction of Retro-Rocket Shock Factor Discontinued* 

46 LIir, Cylinder Weight Reduction scontinued- 

47 Ordnance Thruster Separation System s cont inue <- 
Passive Thermo-Conditioning System 17 4-8 
R e l o c s t i o ~  of Cold Helium Bott les on S-IVB/ Discontinued 18 49 

50 Surface Finish Change on S-IVS/V 13iscontinueE -I-+ 

51 Air Spring Separation System 

5 2 Rel iab i l i ty  A~proach t o  Struct  

+See mdex (C = Action pr io r  t o  f i r s t  r e  

i s  Report . . 

mmmIBD 



This i tem proposes t o  improve pwXoad c a p a b i l i t y  by increas ing  t h e  e f f i c i e n c y  

of the  f u e l  tank  gses sus i za t ion  system which co s i s t s  of  tapping o f f  CW2 3 
from t h e  5-2 Engine and feeding i t  t o  the  f u e l  tank u l l a g e  space during 

powered f l i g h t .  

This  is accomplished by using the J-2 Engine h e a t  exchanger f o r  add i t i ona l  

f u e l  t aak  p r e s s w a n t  ( ~ f f ~ )  h e a t i w .  Hardware changes would include comec t ing  

t h e  9-42 w i n e  h e a t  exchawer  i n  s e r i e s  wi th  t h e  f ue l  tank  pressurpizatisn 

c o n t r o l  modde, p r w i d i ~  a by-pass l i n e  wi th  an o r i f i c e  i n  p a r a u e l  wi th  

the  hea t  a c h a w e r  and c o n t r o l  modae, and providim I n l e t  and o u t l e t  

connections on t h e  Rscketwne Carstomer Connect h n e % .  

1 

! 'Ike mmt s f  fie%. tanlr pressurant  ( G K ~ )  r equ i r ed  i s  reeluced due i;o the i n -  
1 

, creased  t a p e r e t u r e  of C;II2, which decreases  i t s  dens i ty ,  thereby reducing 

I r e s i d u a l  gas weight by a p p r o x h a t e l y  154 pounds f o r  S-IVB/D and 135 pounds 

, f o r  t he  S-~Iv.  The a s soc i a t ed  hardware cha 

mated dry s t a g e  weight increase  of 3Q pounds. 

3.4 

I This i tem c o n s i s t s  of changing the vent system from a c y c l i c  venting t o  a 

contEnuou ventin%: system. These systems provide f o r  p rope l l an t  s e t t l i n g  

and o r b i t a l  vent ing  of  the propel lan t  tanks.  I n  order  t o  he lp  understand 

t h e  chawe  from c y c l i c  t o  continuous vent ing systems, 

cif each systean $~UOWS: 

The cyc%ic; ventiw system i s  based 

ta& o n u  upon dmand.  W r i w  most of the  o r b i t a l  coas t  se r iod ,  

t h e  trvik ven t  valves are  closed and no at tempt  i s  made t o  con t ro l  

p r o p e n a n t  o r i e n t a t i o n .  m e n  the  Fuel' tank p r e s s w e  r i s e s  t o  

a cerkaiw level,  w vent  cycle i s  i n i t i a t e d  by a pressure switch* 

The p r s p e u a n t s  a re  first s e t t l e d  a t  the a f t  ends of the  : a d s  



p n e m a t i c n u  fo r  a f ixed amount of t i n e  and the  tanks a r e  b l m  

down through propulsive nozzles, which permit shutdown.of the 

u l l age  engines- J u s t  p r io r  t o  r e s t a r t ,  the  propel lants  a r e  again 

s e t t l e d ,  using the u l lage  rockets,  and the  propel lant  tanks a r e  

blown down and repressurized with helium i n  order t o  meet engine 

Net Pos i t ive  Suction Head (REH) requirements. 

The continuous venting system i s  based on venting of the  propellant  

tanks cont inual ly  during the o r b i t a l  coast  period. A t  f i rs t  burn 

main engine cutoff ,  two ax ia l ly  d i rec ted  70 pound t h r u s t  engines 

located  i n  t h e  A P S  modules burn for  50 seconds t o  insure  t h a t  the  

propel lants  a r e  s e t t l e d  before the continuous venting i s  i n i t i a t e d .  1 

I Once i n i t i a t e d ,  continuous venting operates u n t i l  engine r e s t a r t .  

The t h r u s t  from the  continuous vent system i s  d i rec ted  a x i a l l y  t o  

provide approximately 2 x 10-5 g forward accelera t ion  t o  keep the 
. . 

propel lants  s e t t l e d .  This system w i l l  assure t h a t  the  propellants  

w i l l  be s e t t l e d  fo r  engine r e s t a r t  and w i l l  r e s u l t  i n  a  reduction 

in  propel lant  boiloff: The reduction i n  boi lof f  i s  due t o  having 

the  propel lants  s e t t l e d  and not " f ree  f loa t ing"  i n  the  tanks, which 

would allow a g rea te r  heat input through the  tank sidewalls .  

The change from a cycl ic  v e n t i w  t o  a continuous venting system would be 

accomplished by the f o h a a i i ~  hardware changes: 

1) ~ i i m i n a t ~ e  T . ~ C I  1,750 pound th rus t  u l lege  engines f o r  S-II/S-IVB 

separa t ion  and engine s t a r t .  

2 )  E3.ianlnate :wu 150 pound Lhrus t lil,lage engines f o r  cycli:: 

ventiw and engine r e s t a r t .  I 

3) U t i l i z e  the  Genini O r b i t s 1  At t i tude  and Maneuver System engine 

(aera ted  t o  n o ~ i n a l l y  70 pounds t h s t  a t  S-%VB system 

operated !~re:;sure) and p r o p e U m t  valve arrangement f o r  i n i t i a l  

orhi".,el ullage c o n t r n l  andl psopeuant  s e t t l i n g  for  emine 

r e s t a ~ c  - 

26 



4) QtJlmHze the  A E  propeL4_ant t a n k  capacity t o  meet the present  

dss i c sn  requirements i n c l u d i ~  a t o t a l  f l e e  time of 454 seconds. 

5) Besign a cold  gaseous hydrogen venting system capable of providing 

continuous vehicle net  forward a x i a l  t h r u s t  of f i v e  (5) 
gmds d u r i x  the  4-l /2 hour o r b i t a l  coast  period. 

6 )  U t i l i z e  two (2) m i o k o l  TX-280 s o l i d  u l l age  motors and associa ted  

hardware per  s t age  f o r  S-IP/B-rn separa t ion  and engine s t a r t .  

A b o ,  design s je t t i sonable  system f o r  the  motors and f a l r i w s .  

3.4 

mis it- achieves s u b s t a n t i a l  S-%VB/~B Stage performance gains by devia t ing  

fiam the genera l  method of o p e r a t i w  a s tage  rocket  engine a t  a  f ixed thrust - 
s p e c i f i c  m u s e  (xsp) l e v e l  throughout f l i g h t .  The re la t ionships  between 

e w i n e  th_wt9 ISp, and engine tu re  r a t i o  (~5191) 9 while an mi^ i n - f l i g h t  

va r i a t ion  of ESliR ( the  independent var iable) ,  show t h a t  the  most e f f i c i e n t  

E%IR h i s to ry  r e f l e c t s  high values of thsus t  a t  s t age  ign i t ion  and changes 

continuowly t o  l m e r  values up t o  engine cu to f f .  

m e  a d v m t ~ e  of' high t h r m t  e a r l y  i n  f l i g h t  i s  accounted f o r  by considering 



This engine c h a r a c t e r i s t i c  is  u t i l i z e d  through the  use of the  P ropenan t  

U t i l i z a t i o n  (w) System which i s  designed t o  recognize e r r o r s  i n  t h e  r a t i o  

s f  loaded LOX t o  loaded Ll-Q, and t o  correc t  such erroys by forcing the  
4 

engine t o  operate i n  the d i r e c t i o n  of the  e r ro r .  This means t h a t  mass 

r a t i o s  of LOX t o  LH2, which a re  d i f f e r e n t  from a predesignated value of 

EX3 @at  is  programmed i n t o  the  FV system, can be de l ibe ra te ly  loaded 

c a u s i m  t h e  engine t o  operate a t  EMR's i n  the des i red  d i rec t ion .  I 

I 
I 

Therefore, by del3berately loading LOX-rich, the  engine operat ion during 

the  e a r l y  por t ion  of f l i g h t  will be a t  a high EMR (high t 

the  e r r o r  i s  removed by the  RT sys tem A t  t h i s  time, t h e  engine w i l l  
1 

r e v e r t  back t o  t h e  EMR (law thrust) t h a t  i s  i n i t i a l l y  progr 1 

the  $CI system f o r  the  remaining por t ion  of f l i g h t .  

I 
I The performance gain  of 2,010 pounds shown i n  Section I, Int roduct ion  and I 

ary, i s  based on an EMR value of 4.7, which i-s i n i t i a l l y  progr 

the  FU system, and a loaded LOX t o  LH2 mass r a t i o  of 5.3. 

-0t 

This weight reduction item is  a r e s u l t  of reduced 5-2 Engine NFSH r equ i re -  

ments. The S-IVB hydrogen tank U a g e  l i m i t  pressure can be lowered from 

42 p s i a  t o  39 p s i a  f o r  t h e  S-IVB/IB Stages, and f r m  42 p s i a  t o  37 p s i a  

f o r  t h e  S-m/~ Stages. As s r e s a t  of the  reduced u l l w e  l i m i t  p ressure ,  

the  LH;! fornard dome and c y l i n d r i c a l  s idewall  can be redesigned f o r  lower 

hoop tens ion design loads, which r e s u l t  i n  a s i g n i f i c a n t  dry s tage  weight 

s a v i w s .  Also, associated w i t h  t h i s  change i s  e reduction of r e s idua l  

gasnes and an increase t o  L m  b o i l o f t #  d w i ~  o r b i t b l  coast,  for  t h e  S-NB/V 

stwe. 

3.7 

This item proposes t o  r c & ~ c e  i n t e r n a l  insul.ation weight by using an inproved 

manufacturing rneth:~?. This mei;hod consis ts  of using a vacuun? bag technique 

i n  sofllyw the i n s u l a t i o r  l i n e r  t o  the  insvla t ion  core. By using t h i s  
\ *  

technique, a threc-fold weight imp ilvcment i s  rea l i zed  by: I 

I 
i 
i 
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1) A reduction o f  r e s i n  i n  the l i n e r ,  due t o  the uniform p r e s s w e  

applied d u i ~  the  cure cycle. 

2 )  A reciuction of l i n e r  c lo th  weight was found poss ib le  during the  

t e s t % %  Lo veriSy the  va bag technique, 

m n t s  for  8 l eak  detec t ion  system on the S-IVB/JB and S-b/~ Stages. By 

rcamoval sf t h i s  requirement, a l l  doubles s e a l  jo in t s  and p r e s s m e  t r ans -  

I clucers, which a r e  employed a t  a l l  points  rin the s tage  carrying p n e m t i c  
I 
1 p r e s s w e s  o r  cryogenic f l u i d s  i n  an ac t ive  sense during f l i g h t ,  can be 
I 
I dele ted .  

3.9 Item 7 - Remove Ambient Helium Bot t le  Insula t ion  

This weight reduction i tem consis t  of removing the insu la t ion  shrouds from 

seven f i e1  rep ressur i za t ion  helium bo t t l e s  (ambient) and two LOX r e -  

p s e s s w i z a t i s n  h e l i m  b o t t l e s  ( m b i e n t )  Located on the  t 

,%his i s  a c c o q l i s h e d  due t o  t h e  r e s d t s  of n t h e m a l  a n a u s i s  which shows 

"cat a bare meoatad t i t a n i m  b o t t l e  wiU r e s f i t  i n  amroxhGeQ the s m e  

InexJim tenwratwes ~ " e t h  send sf a k-.1/2 h o w  o r b i t  period as a b s t t L e  

swrowded by a f ibe rg lass  s h e U .  

3 .LO 

This item increases payload capab i l i ty  by u t i l i z i n g  the  propel lants  t h a t  

a r e  trapped i n  the t belaw the  deplet ion sensors, and is accanrplished 

t h o u g h  the  use  of a  time delay c i r c u i t  which pennits  the  engine t o  operate 

f o r  a p r e d e t e m n e d  time a f t e r  the p ropeuan t s  reach the  deplet ion sensors.  

Therefore, the  r e s i d u a l  p r o p e u a n t  l eve l s  a r e  lowered from a p p r o x k t e w  the  , 

height of t h e  sensors d m  t o  the  center  l i n e  sf the  feed duct for %Hz 

and to t h e  g e m e t r i c e l  bottom of the  t d  f o r  LOX, which a c c m d s  f o r  a 

sfgnlPicant  reduction i n  r e s idua l  propellant  weight. 

- 
B 







- .  

3-14 
I i w d a  

%is i tem proposes t o  replace the  exis t ing  polyurethane core mater ia l  for 

t he  EiW2 i n t e r n a l  insu la t ion  with a l e s s  dense polyurethane material. ,  

I 

Tabre 3-4 presents  the  weight savings associated with various dens i t i e s  
1 I sf core ma te r i a l s .  

I 

I TABLE 3-4 

I 
I 

Core Weight Saving Over 

I 
I 

I 

I 

5.5 (present.  conf i g  . ) 821 --- 
5 .Q 747 74 
4 5 672 149 

j 4.0 597 224 

523 3 05 
1 298 

I 3 -0 448 . 373 

3.15 

The ex i s t ing  sequencer is  replaced by a s o l i d  s tage sequencer. The e l e c t r o -  

mechanical r e l ays  now used would be replaced with s o l i d  s t a t e  t r a n s i s t o r i z e d  

I 
switches. '%his minia tus iza t ion  would r e s u l t  i n  a  la rge  reduction i n  the  

s i z e  and weight of the  container  needed i n  addit ion t o  the weigh5 saving 

f o r  each r e l a y  o r  switch. 

I Increased r e l i a b i l i t y  and f a s t e r  switching response would a l s o  be r e a l i z e d  

due t o  t h e  el imination of the  mechanical moving pa r t s .  

3ae s o l i d  s t a t e  sequencer would be developed t o  replace the present sequencer 

on the  S-FJB Stage without change t o  the  vehicle wiring or  mounting s t ruc tu r e .  

The weight saving involved would be approximateb l 5  pounds. 

I 
I 
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This item s w g e s t s  that "in place" welding or brazing of tubes be used i n  
i 

l i e u  of the conventional coupling connections. The sketches belaw, except 

for Figure LZ, s h w  tha t  both the welding and brazing technique involves 

enetssiw the tuba ends i n  a light-weight sleeve.  I n  one case, the sleeve 

i s  w l d e d  t o  the tubes. $n the other case, brazing material  i s  placed 

between the sleeve and tubes, as sham i n  the  sketch, and then heat is 

applied which causes the  braz ing  nnerterial t o  f- and fo rn  a brazed 

comection. 

FIGrnE I 

Tube 

Brazing Mat ' l 
FIGURE IV 

Nut Union Nut 

Table 3-5 presents the  prelianinazy- weight data on possible weight savings 





This  item cons i s t s  of rep lac ing  a r e p r e s s u r i z a t i o n  system using ambient 

helium (ambient helium rep res su r i za t ion ) ,  t o  provide f o r  o r b i t a l  r e s t a r t  

p r e s s u r i z a t i o n ,  with a  system us ing  co ld  helium heated by a  LO2-EPI2 Burner 

t h a t  i s  operated by cryogenic p rope l l an t s  (cryogenic r e p r e s s u r i z a t i o n ) .  

The LQ-LH2 Burner exhaust a l s o  has a p o t e n t i a l  app l i ca t ion  i n  providing 

I a d d i t i o n a l  t h r u s t  f o r  p rope l l an t  s e t t l i n g  during o r b i t a l  coas t .  

I 
I This design chenge i s  accomplished p r imar i ly  by rep lac ing  nine ambient 
i 
I h e l i m  b o t t l e s  with a  co ld  helium b o t t l e  and 8 LOZ-LH2 Burner. 
I 
I 

i ' m e s e  two r ep res su r i za t ion  s>stems 
! 

1 Figure  3-1. 
I I 

I 
i 3.18 
i 
1 

I This i tem incorporates  t he  c r i t i c a l  lead-time hardware requi red  t o  accomo- 
i 
i d a t e  t h e  cryogenic r ep re s su r i za t ion  system ( p e r  ECP ~ 1 8 1 )  which was in- 

i 
corporated a t  a  l a t e r  da t e .  Stages S-IVB-207 through S-TVB-212 requi red  

i t h e  a d d i t i o n  of two a f t  dome pads f o r  LH2 and LOX feed-throughs . Stages 
I 

1 S-IVB-$03 t h r o w h  S-EVB-506 needed, i n  add i t i on  t o  the ' a f t  dome pads, 

LK2 i n d  LOX feed-throughs, cold helium b o t t l e  feed-throughs and s t r a p  

I at tachments ,  a  LH2 feed duct  aerodynamic ' f a i r i n g ,  f a i r i n g  i n s u l a t i o n  and 

support  i n s t a n a t i o n ,  and an extension of t h e  a u x i l i a r y  tunnel .  

3.19 

This  i t em inves t iga t e s  f l y i n g  a  more e f f i c i e n t  vehic le  a t t i t u a e  h i s t o r y  

d u i n g  f i r s t  s t a g e  f l i g h t ,  with present  design l imi t a t ions  being cons ide red , '  

t o  determine p o t e n t i a l  increases  i n  payload c a p a b i l i t y .  This i s  as  opposed 

t o  t h e  p re sen t  design ground r u l e  of b a l l i s t i c  (zero  angle of a t t a c k )  f l i g h t  

d u i n g  f i r s t  s t age  opera t ion  fonowed by o p t i d z a t i o n  of" the  upper s t a g e  





T h i s  i t e m  is  accomplished through the u t i l i z a t i o n  of the  decreased te lemet ry  

('I%) requirements of  an opera t iona l  s t a g e  a s  compared t o  a research  and 

development (R&D) s t age .  The weight savings were p r i m a r i u  t h e  r e s u l t  o f  

the EoUowing design changes: 

2.1 Delet ion o f  t he  R&D ins%rmen"f; t ion not  requi red  f o r  

t h e  ope ra t iona l  veh tc l e ,  

2 )  The reduct ion  i n  TI4 from f i v e  se t s  (one SS/W, t h r ee .  

% M / M / ~ ,  and one m/m) t o  one s e t  (KM/FM). 1 
3) &bet ion  of  two antennas and one t ape  recorder  not  requi red  

on ope ra t iona l  veh ic l e s .  
I 

4) Redesign of  the thermo-conditioning sys  tern. 
i 
I 

I 321 

It was discovered through ex tens ive  meesuring of chem-milled dome segments 

t h a t  the average s k i n  thickness  con t inua l ly  exceeded the  nominal gage. 

This average th ickness  was determined from an o v e r a l l  high po in t  t o  Low 

p o i n t  spread  of about seven mi ls .  It i s  proposed t h a t  the  upper t o l e rance  

L M t  of  t e n  mi ls  be reduced t o  f i v e  mi ls ,  thereby  lowering the  o v e r a l l  

spread down by s t  l e a s t  two and one-half m i l s  which would a l s o  decrease 

they average s k i n  t h i c h e s s  by the  same moun t .  Rote th8.t; the  o v e r a n  spread 

i s  a s smed  t o  remain constant  a t  seven mi l s .  This chawe  i s  incorpora ted  

by redueirtp: %he tolerance Prom '8010 to +.005 or. t h e  f o w a r d  dome, a f t  dome, -.wg --- 
cad sk ins .  The weight s e v i w  i s  dependent upon the  n a ~ b e r  

of segments p r i o r  t o  t h i s  change t h a t  a re  s l r e a w  wi th in  the  new to l e rance  

of +.005 - inch.  

3-22 

' h i s  i tem proposes that t he  e x i s t i n g  calminram shee t s  and channels be reylaeed 

by '%~oekalEoy"",an a l l o y  of' 68 percent  b e r y l a i m  end 32 pe rcenha l iu~d-nm,  



3 2 3  

This item considers  the use of alauninm ins tead of s t e e l  tubing and 

f i t t i n g s  f o r  the  9m? pressure s ide  of  the  hydraulic system. 

This item proposes replacing "ce s t e e l  p a r t s  of t h e  occurnulator with a  

l i g h t e r  weight m t e s i e l .  Three such mater ia ls  considered ere  t i t a n i m ,  

a l . ~ n m  end beryuiwn. Since the  c h a r a c t e r i s t i c s  of Litanilm ere s imi la r  
6 bo steel, t h a t  change would be a m a t e r i s l  s u b s t i t u t i o n  only.  Ws~wever, if 

8lminarm or  b e r y l l i m  a r e  used, the  p a r t s  wmld have t o  be beefed-up or  

redesigned* The 



3 -25 I 
I 

Substantial weight savings m y  be realized by substituting edluninm in 

l i e u  of steel f o r  some of the pro i o n  % u b i ~ *  B e l M n a s ~ r  weight data  

are presented in Table 4-43. 

3 *a6 

The S-El33 has lau~leso~bs applications in which 24, 26, or 28 gage conductor 

m t e r i a l  a t h  Less insdation than now used would sa t i s@ the present 

elcetricol ehsrac te r i s t i cs  rewkesrasnts* Larger gage (20 or 22) Ron- 

r b e t o ~ s  w i t h  heavy a s u l a t i o n  are now being used in order to meet rraecbanicaZ 

property (i..e * ,  tensile strewth and abrasion resistmce) needs. 
t 
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T h i s  w i r e  weigka"i;rd~~eticrn t ~ : - k ~ n ~ q ~ e  D T ~ ~ ~ Q S ~ S  t h a t  the existing wiring be 

replaced. by 'irqJroved l a ' c r i t g  o-S" reddueed gage and insu%ation which s k i =  

s a t i s f  ies b g t h  electl-rdca'*. end mechariictzl champ ter is tscs  r e ~ l r e f i ~ n t s .  

These ~bprmmmts are pos.;ible tlnrovgh the application of high s t reng th  

eonduetor mte r i a l ,  imroved ~ t r ~ ~ r d l r g  methods for conductors and hpsaved 

aoniislctor insda"aoon methods+ 

In ~ddiiCP6n to the ~ r o v e m e n t s ,  the design requisments for existiaag con- 

b c t o r s  w i n  be reviewed for possi.Dle gage reductions, 

It has been es l -h~oted that 90 percent a f  the presently used 22 gage wire 

entation system cmld  be replaced by 24 or 26 gage with no 

ad.verse e f f e c b o n  electrical performance. Weight savings by using 24 or 
$6 gage in place o f  22 gage would be 42 percent and 58 perceht, respectiveb, 
For %he es"k ted  209 porn& sf 22 gage wire an the S-TeMI3 ass 

w a n t i t i e s  of 24 and 26 gage subs"i;i'i,s~"c~oaa, " h + -  w e d d  mount to a sahngs 

3-27 Ltem 23A - Size Heduction of Coocsr ---- Wire 

mis item proposes to reduce the wire s i z e  from 22 ", 26 gage far signal and 

l ow power circuitry t i ichin ~ i e c i - i . m i / ~ 1 ~ e c t r o f i i . c  e q u i p e n t  (bleck boxes). 

Tne xiechanieal and current  c~rry:ng capacity of 22 gage h o o h p  wire exceeds 

Gnat wbj_ch 'is required for use inside the E/E equ lpen t ,  

m e  iar.r-Eg:ilt i-~ductton. ri~ssLij~lti ~ h r c j i l y h  h ~ p o  of this item 1s approxi- 

This iten p r r i p o ~ ~ s  t e i  reduce " ,~e ~ielii;h".f h " ~ l e c t ~ . i c a ~ / ~ l e c t r o n i c  b.lelded 

;~bo&.iIes. (ilhil~ can 52 dnnc by u c; i 3 i a a t f  on of a ncii and smaUer double- 

:A l_L  permit a seduction in t h e  size of t h e  



The weight savings depends ilpon the amourit of each of t he  various modIkees 

used on tile stage. Table 3-9 gives a breakdown for S-IVB-207 and s - N B - ~ o ~ .  

mBLs 3-52 

iELBE43 MOntEZ PfiCKAGIKG REDESIGN WECW DATA 
-----*--=-- I; 

I 3-29 Connector R ------ 
I 

This item proposes a change t o  a vendor d.esigned bus  connector. 'This change 1 
i 

provides t n e  brazing of the intercomecci~~ copper leiids w i t h i n  t h e  connector 

~ i i t h .  t h i s  area p o t t e d  end iiPash with tt.12 r e a r  of t he  connector, thus reducing 

;;he s i z e  of t he  bus  connector encapsulet ion rmterial .  

The present  netbod utilizes soldesirg End velding for the  connector i n t e r -  

connecting leads ou t s ide  the c~nnectou and therefore requi res  more en- 

capsulation material. i 
I 

Ttac vendor redesigned bus colmector cam b e  mombed drlrectLy on the  support  
I 
I .sariel. 'This &.PIE. provide add i t i u b ~ a l  rre lgh:.. r e d u c t i o n  by e l h . i n a t i w  some 

of  t he  present  h a t  s e e t i o n  s u p o s t  brncketry. 1 

Pre l in lnary  weight daLa a r e  presented in T a b l e  3-10, 



W S A V I N G  TOTAL WEP(;HT 
AVINCS - 

55-9204 Sho~Png $ 1 " ~  1 .oh .Oh 

~ B h 5 7 6  liBodule, Bus Gma, 18 .I0 1,80 

na&L~7*1 tdodde, BUS CO~EP, 5 - 32 B , ~ O  

h d d e ,  BUS @om, B .k93 e r r 3  L%845'a"9 

Ui93522 Modde, Btm Corn, 2 .3b .34 

IANTOT M d d e ,  Bus Gom, 3 4 .I% 5 * l O  

jd497%8 Module, E k e ,  D i s t r ,  5 6 .a2 1,12 

1,%9801&2 P . ~ o & u ~ c ,  BUS Conno 4 a 30 1,20 

kadaO6lg Module, Bus Conn, D P 

1~29%2 IlSodiule, Bus Conn S . QB .04 

( Redeslmsd Bw Connector ~ o t a l s / ~ t a g )  ( 125) 4 (P l rn27 )  

Bracket 2 .60 %,20 utgGhGP C 

Bracket B .50 a 50 
1 ~ 2 8 % k 2  

* 

( E l i d n a t e  Ifat-Seetian Supp0"% Brgb~kgtrY 
Tota ls  l ~ t a c e )  ( 3) 

TotaIs/:iLa6m;e , 12 ,. 97 

.ka 
&.d 



PRESENT DESI GN PROPOSED DESICIJ 

tubing with a number s t m p e d  on it, placed  over each wire  end. 

This will e l x n a t e  cos t ,  weight, e"abri:ation time, and i n s t a l l a t i o n  of t h e  

black i d e n t i f i c a t i o n  tubing.  Also, t h i s  method w i l l  LTacilitate t h e  wir ing  

i n s t a u a t i o n  and r e q u i r e  l e s s  space i n  t h e  black box. 

. Approxiraetew 4,450 wires and 8,455 p ieces  of t u b i m  a r e  involved pe r  s t a g e .  

The weight s auing would amount t o  approximately 7 pounds /s tage  

3 831 

%his i t e m  proposes rep lac ing  convent ional  c i r c u i t s  with semi-conductor inke- 

gra t ed  c i r c u i t s ,  o r  t h i n  f i lm i n t e g r a t e d  circuits. A s u b s t a n t i a l  weight 

seduct ion w i t h  no penalty fo r  pe r fo rmnce  arid r e l i a b i l i t y  can be accowrgLished. 

A d e t a i l e d  i; tu* f o ~  weleist co~iparisost octween 8 cor~vcntkonal and a mlnia- 

t w i z e d  T/FI ( t ehe t ry- )  syslcrn was presented in Apnendi>; 1 of t h e  January 1965 
Me jght Control  S t a t u s  Report, S M - L C ~ ~ ~ .  

a44 



3-32 Item 28 - -- Elec t  -- 

This i t e m  proposes t h a t  tefhnn c i ~ h i o n e d  cZmps be  replaced by s i l i c a t e  

rubber cushioned c imps where temperatme r e q u i r m e n t s  permit.  

The t e f l o n  cwhioned  elamps require the  wir'e bundle t o  be mapped wi th  f i b e r  

glass tape along the area. "i ncsvatsiet with the  clamp. The f i b e r  g l a s s  t ape  

is used t o  prevent  wi re  pinchbng and laose  f i t  of the  e lmp.  

%he s i l i c a t e  rubber cushioned c l m p s  a re  Lighter .  The a b i l i t y  of 

the  rubber  cushion t o  cornvpress provides f o r  a g r e a t e r  v a r i e t y  of wire  

cable d i m e t e r  sizes.  This reduces the  use of f i b e r  g l a s s  t ape  t o  a minimum. 

The s i l i c a t e  rubber a l so  r e s t r i c t s  the  tefLon in su la t ed  wire s l ippage  

w i t h h i  t h e  c l m p .  Agproxhately 4566 e l m s  are requi red  f o r  S-$VB-201. 
I 

3 -33 

.This  i tem proposes t h a t  t h e  i n t e r n a l  i n sd ta t ion  on the  unwetted po r t ion  of 

t h e  fon~aa'd,  d m e  be rernwed; this ayes provides a s e l a t i v e b  minor source 

of LH2 h e a t i m .  For the S-NB/IB, t h i s  wo'dd move the  i n s d a t i o n  back 

appraximatelyr 80 inches f son  t h e  Sosward end. The removal of 500 square 

f e e t  sf i n s d a t i o a z  would red~rce the  s tage  weight b y  213 pounds. For t h e  

S - E V ~ ~ / T ~ >  t h e  i n s u l a t i o n  could be 'taken back about 50 inches from t h e  

' . forward end. The coa*resyunding removal of 184 square -fee% of i n s u l a t i o n  

w o d d  reduce the  s tage  weight bg 80 pounds. 

' 3.34 

This weight reduCti"en item proposes t h a t  the s t r i w e r s  a$ the  fornard s k i r t ,  

a f t  s k i r t ,  anla i n t e r s t a g e  of b o t h  t h e  Satwaa s--I*~~B~/'v and S - ~ / E B  Stages 

b e  redesigned Go a m i n i m ~ m  s t r eng th  to weight r a t i o  e o a s i d e s i w  p re sen t  

design l e a d s .  The proposed redesign would b e  s l a n t e d  t o  m i n t a i n  e x i s t i n g  

sk ins ,  stringer spacing, and. frames. Obhj,y the s t r i n g e r  cross s e c t i o n  w o d d  

be changed, 

The weighat savings fo r  this chs r i e  is depicted in T a b l e  3-11. 
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This i tem involves chem-milling the  s k i n  secti.ons on the  forward and a f t  

s k i r t s  and a f t  i n t e r s t a g e  t o  an o p t h m  panel  thickness  t o  meet t h e  acous%ica l  

and streng'eh r e q u i r m e n i ; ~  of t he  s k i n ,  I",epsesen'cs a design chari&e t o  
a nears 811, of' the sk in  pianels of 'those s ,mc tu re s ,  end a l a rge  c h a w e  i n  

manuf e c t w i ~  tecl-aniq~xc of the  p a r t .  

mis i t e m  proposes a redesign of a s e c t i o n  of the L-W2 and LOX chilldown 

r e t u r n  duct assenbl5es.  Tile present  design cons i s t s  of an aluminum check 

valve connected t o  es steel instrunnen"b$ion nolrn5inz t ee .  The proposed 

design w o d d  c o x b i ~ e  the check va lve  and i n s t r m e n t a t i o n  mount i n  a s i w l e  

a l m i n w  h o u s i q ,  The nrr-setal; and proposed Xcsiqns a re  s h a m  i n  P i w e  3=3. 

The est imated w e i ~ . , Q t  s n v i r g  assoc ia ted  with :his i tem -is 2.5 pounds per 

assembLy Jr 5 pow~ds  pl:r s tace. 
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sive "$fit 

Tke s - ~ / v  n o n - p r s p a i v e  rinch vent 4uct was o r i g i n a n y  s i z e d  fo r  

I 
c y c l i c  ventiw considerat ions,  The s=-Tv?B/IB non-propulsive vent duct 

was s&ze& based upon mcaxbm aUmrab3Le ear th  o r b i t  WCtrPogen tar& de- 

' I  
pressur i za t ion  time of 15 mimtes .  For t h i s  value, a 4 inch duct was a l s o  

required.  I n  order t o  m i n t a i n  cornan harc$ware between s - ~ / D  and S-.IW/V, 

%on chose t o  w e  the  4 inch duet on %-m/~  when cycbic v e n t i w  was 

replaced by the  constant p r e s s w e  continuow venting system. The translwnar 

b l a w d m  time w o d d  be extended from 16-l/2 &nukes f o r  the  4 inch duct t o  

8-1/2 d n u t e s  f o r  the  3 inch c%uct - c a n s i d e r i w  a blowdown pressure range of 

44 ts 8-%/2 psi,; t h i s  w o a d  v i o l a t e  no knmn requirement. 

mis item proposes t o  reduce the  weight o f  the  normal vent system on the 

S-W/V by neaking the foUowiw chaslges. 

Rec"iuce Duct Dimeter  from L?" t o  3" -27 

Reduce Wac% Gage from 0.035" t o  0.025'" -7' 

Beplace R e s s u e  Compensated Belhmrs - 5 - 
T o t a l  Change -39 

The i n i t i a l  vendor das ign  of' the zero gravi ty  l i q u i d  gas separator  did not 

appear "c meet the  specificcation req. irmen"cs.  Rather than redesign t h e  

separa tor ,  it was decided to evaluate the p o s s i b i l i t i e s  of eliminating i t  

due t o  the  bolementat ion of a cons%i?nJC press*ue  continuous propulsive vent 

on the  S -m/~  LH2 t ank ,  

'%he constant pressme cantlmnous vent elirminahs the  blowdown cycle before 

second b v n ,  which was required t o  meet the l2-l~ pump N E M  requirement. 

This f ac to r ,  combined with the s e t t l i ng  effects 0%" the propulsive vent,  

removes the requirement for ia liquid-gas separator, 
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I 

3-LO Item 36 - Alternate Adhesive for the  Common Bulkhead 

;! t e s t  procren was nroposed t o  e s t a b l i s h  an a l t e r n a t e  adhes ive / fom m a t e r i a l  

f o r  :he common buUrheacl t o  seduce t h e  weld d e , ~ r a d a t i o n  problem caused by 

the  high temperature cure cycle  ol" t h e  p re sen t  adhesive/foam m a t e r i a l .  

The primary e o e l  of t h e  & s t  program was t o  obta in  an adhesive m a t e r i a l  

hravisg l o x  tempereture cure reqxirements s u i t a b l e  f'or ccmon buhlrhead use .  

II~wsver, esiihesives wi th  much love r  d e n s i t i e s  than  the  p r e s e n t l y  used 

adhesive were t o  bc t e s t e d .  If' succe8sf'ul, the  l igh tweight  adhesive could 

provide up t o  a c)'? pound reduckion. 

3 .Ls 
I I 

This item proposes a potenttial  payload improv'ement r e s u l t i n g  from redes ign  
* 

of t h e  common bulkhead. 'Fhe redesign is  made poss ib l e  by assuming t h a t  
I 

I 
l 

a 
precondit ioning the common bulkhead would elminate cryogenic shock as  a 

i 
I 
I 

I des ign condit ion.  $l i 
I 

I Tne trei;~,ht recluction ~ ~ o u l d  r e s u l t  from a. n e t  seduct ion i n  common bulkhead 
I 't% 

1 fage  :hickness, a reduct ion  i n  core  th ickness ,  and reduct ion i n  a t t a c h  r i n g  



This weight r e h e t i o n  item proposes that a Beryi%i-m~-A ~~ ~ a o ~ 9  known 

c o m e r c i  as "Lockalloy'" be d i r e c t u  subs t i tu ted  f o r  the  ex i s t ing  7075 

a 1 W n m  skim on "ce s k i r t s  and. in ters tages  of Saturn S-PVB Stages. 

Table 3-13presents the present  weight of exis t ing  e x t e r i o r  skins and 
I 

doublers for  both the  I B  and "9 Stages. Also presented a r e  the estimated 

w e i g h h s a d ~ s  thez"codd accrue b y  d i r e c t  subs t i tu t ion  of "LockaUoy" f o r  

these  s t m c t w e s  . 
. e l B  

1 
WBrn 3-13 

I 
I Weight sf a i s t i n g  
1 %  ha= - Skins and Doublers 
i 

I 

ZE x 113 - V - 

Fornard Sk i s t  387 40% 84 87 

298 64 69 ~ 6 t  s k i r t  321 

In te rs  tags 936 1285 202 276 -- P - - 
Total  1621 2007 3 50 432 

3 043 Electronic E 

mis itcsro.  proposes t h a t  a weight savings i s  possible by r edes ign iw the  a f t  

skirt e%ac%ronic equipment mowt ing  panels, me redesign includes reducing 

t h e  face sheet thickness from 0~663 inch t o  0.035 inch due 'co r e p l a c i w  

me%&ne bonded, with epoxy bondled f iberglass  l m i n a t e d  sheet .  

3 Item 40 - Redesi 
This  item prapsses t h e t  the weight of the U a g e  rocket f a i r i n g  assembly ,be  

reduced by r e d e s i g n i ~ l ~ ;  t h e  m o w ~ t i a  b r i d g e  (&st Number ~72953-1) so  that 



savings per  f a i r i n g  or a t o t a l  dsy weight reduct ion  of 7.2 pow& and 

4.8 pounds f o r  t h e  S-IXB/PI: and s-FJB/v Stages9 r e spc t c t iveb ,  

3 -45 

Sonic f a t i g u e  d a t a  from aco rn t i - a l  development t e s t i n g  ind ica t e s  t h a t  an a f t  

s k i n  skin th ickness  rerkuction from 0.040 inch t o  0.032 inch i s  adequate f o r  .? 

t h e  allowable a c m s t i c a l  l oads*  A d e t a i l e d  s t r e n g t h  ana lys is  a l s o  confirms 

t h e  s t r u c " c a l  adequacy of t h i s  proposed design change. The weight savings 

would be a p p r o x m t e u  55 ?ounds. 

I 
3 -46 

This proposed change i s  i d e n t i c a l  t o  Item 41  except t h a t  it is e f f e c t i v e  

on the  aft i n t e r s t a g e  and y i e lds  a weight saving of approx-tel-y 170 

pounds (57 pound payload increase)  1 
3 -47 

This i tem proposes t o  rep lace  the  f o m a r d  flow chiEldown system wi th  a r eve r se  

flow chilldown system, The f o r i a r d  flow system uses  t he  lower po r t ion  of  t he  

main p rope l l an t  f e e d  ducts  t o  supply the  5-2 Engine with chilldown p rope l l an t ,  

u t i l i z i n g  prevalves t o  prevent backflow through t h e  upper po r t ion  of t he  

f eed  duc ts .  The chiUdown propel lan t  i s  ~petusned t o  the  tanks t h o u g h  t h e  

chilldown r e t u r n  l . ines*  The reverse  flow system would modify t h e  ch iEldom 

Pines into f eed  duc ts  for  t he  chil.ldom p rope l l an t  and then  r e t u r n  the  

chilldown p rope l l en t  t o  t h e  tanks through t h e  main feed  duc ts .  This would 

e l imina te  t h e  preva lves  and the  chilldown b n a s s  l i n e s ,  which should reduce 

weight and inc rease  r e l i a b i l i t y .  

A schematic sf' t h e  e x i s t i n g  fordasd flaw and of  the  proposed reverse  flow 

c h i l l d a ~ n  systems i s  presented i n  Figure 3-4. 

The 



SHUTOFF VALVE 

I i 
i I 
I I I 

I 

I 

8 

53 



P a r t  
Itenl - Number 

Existing System: 

Br evn1ve ~ 4 9 7 6 8  -1 1 50 
.Wevalve ~49968-503  1 35.0 
I > U ~ P  - 13f2 ~ 4 9 4 2 1 - 1  1 13 .O 
I;"ump - LOX ~ 4 9 4 2 3  -1 1 13. '> 

F L ~ S  Meter - a:2 ~ 8 9 1 0 4  -503 1 1.5 
Plov Meter - LOX U-189104-501 E 1.5 
Check Valve - Feed Lines B53920-1 2 0.4 

I shut-off Valve - ~112 ~ 4 9 9 6 5  -503 1 5 .O 
I shut-off Valve - LOX 1 ~ 4 ~ 9 6 5  -505 1 1, .O 

I 
1 Check Valve - Return Lines b~h9964-I - 1 . '1 
I Duct Assy, - m2 By-pass 1.~43966-501 1 13 -0  

~ u c t  ~ssy, - LOX Bypass ~ 8 7 7 4 0 - 1  1 8.4 
Duct Assy . - &OX Return 3-1487736-1 1 19 .O 
Duct Assy. - LH2 Return ~ 8 ' 1 7 3 8 - 1  1 13.5 
Duct Assy. - LH2 Return l~87741-l  1 7.7 
Coup1irq-p & Mounts LO. 4 
Attach P a r t s ,  Gaskets, l I isc ,  10.0 

To ta l  ';Jeight of Existing System 1 9 ~ )  .O 

Proposed System: 
WP - EfE2 ~ 4 ( > 4 3 1 - 1  1 13.0 
PUMP - LOX ~49423 -1 I 13. L ,  

Flaw Meter - LK2 .~485)1..&-503 1 1-5 
F l a r  Meter - LOX 1~8i?li04-501 1 1. 5 
Check Valve - Feed Liner, 1B53920-1 2 0 .4  
Bevalve Replacement Spools 2 22.0 
LX2 ChiPldmm Feed Duct 1 40.0 
LOX Chilldown Feed Duct P 12.0 
e o u p l i ~ s  & Mounts 13 -0 
A-Lta.cn P a r t s ,  Gas!:ets, 15s c , 10.0 

iCot;?,l \lei-t;ht of R-:>pnseci 3 j zLem 127,3 
# 

- * ~!t-"C!eE~;ht S a d n g s  71 e 7 

.- 
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This item proposes to reduce the stage weight by redesigning the taperatwe I 

Each operationah stage has a?pr~x%$nt%teqSr 30 transducers which would be ! 
affected by this redesign, The weight sadng per transducer is approxi- I 

&, which w a d  resut in a total weight saving per stage 

0s 12 pow&. 

I 

1 The S a t ~ n  LOX t a d  pressuization system has eight (8) cold heliumn 

bottles armted i n  the tank. Four (16) are located in the main W n e %  

area anr%.fow (4) in the a w i l i a r y  %.~rlne$ area. $hie rimer sf bottles 

was originau based on a csmon system with the Saturn V Stage. AnaQsis 

has s k m  t h a t  two (2) cold helim bottles could be removed on a U  Satpbpn IB 

f l i g h t s  witkoP19; degradiw the mission reliability. 

3-50 

design shock factor- used on loads applied to the S-IN3 Aft Interstage by 

t sf the  retro-rockets is based primarily on the rise time to peak 

I load, but also depcnas upon the nateerd frequency of the system and an 

a ~ c w a t e ~  c81cdaked  value of the retro-rocket interstage stl-ucture spring I 

$he present s - ~ / M  A f t  Interstage design uses a shock factor of' 2.0. For 

s m e  time, it has been proposed that this factor colaed be reduced; the shock 

factor reduction 1d.suLe2 present a possible weight s a v i m s  thru redesign of' 

the a f t  interstage s t m c t w e .  

Results o f  static]: tescixlii; a t  Tulsa in July 1965 subs"een"t;ated the fac"r&tk%elt 

" c h e  shcsc$cr facCor c o d d  h e  recluced* T%e %es"i,spcben failed while holding 

200 perirerat of 1 i r a i t  load. L 2 i t  load in this case included a factor c;f 2,0 

on the 3 rocket ~ W L L S ~  value sf b , @ 0  popuads* Failwe load WBS then 



about  178,560 pounds, a value 43 percent  higher than the  design ultiKlate 

l oad  of 225,000 pounds, Based upon t h e  same r a t i o  of f a i l u r e  t o  u l t i m a t e  . 

load ,  t h e ' d t i m t e  load  of 100,000 ( e o r r e s p o n d i ~ ~  t o  a shock f a c t o r  o r  1.6) 

wadd  r e s u l t  i n  a c a p a b i l i t y  of  ~ 4 3 , 6 0 0  pounds which is s t i l l  favorable  i n  

r e s p e c t  t o  the  design P r l t d t e  losd .  

This i tem the re fo re  proposes t h a t  the  re t ro- rocket  shock f a c t o r  be reduced 
I from 2.0 t o  ~~6 and the permissable design chawes  as a r e s u l t  of t h i s  be 

I accomplished on the  s-IVB/V Af t  In t e r s t age .  The design changes would i n -  

volve reduct ions  of the  Crme cap a rea  on Frames Ho. 4 through no. 7 (140 I 

pounds), and a gage reduct ion  on t h e  i n t e r c o s t a l  webs between Frames No. 4 
I and NO. '7 (20 p o m d s ) ,  

I The t o t a l  dry weight savings of t h i s  change trould amount t o  160 pounds and 

r e s u l t  i n  a p w l o a d  ga in  of approxkmateb 50 pounds. 

3.5% 

Advanced Systems & Technology (A%%) has been studying a weight o p t i n i z a t i o n  
i 

redes ign  of  t h e  S-Em EFI2 cylindrical tenk. Inves t iga t ion  inc luded  t h e  use  

of a t i t an ium a l l o y  in s t ead  of al-num. 'The best  e f f o r t s  t o  d a t e  have r e -  

s u l t e d  i n  a redesign which would seve approximately 481 pounds. l 3 e  i h -  

proved des ign  r e t a ined  alminwsn a s  t h e  ma te r i a l  but used b i a x i a l  m a t e r i a l  

p r o p e r t i e s  to s i z e  the  skin  th ickness  and a l e s s  conservat ive buckl ing anaLysis 

f o r  t he  s iBewaU design. Redesign considerat ions omitted t h e  a spec t  o f  r e -  

1 t o s l i m  and i ts  r e l a t i o n  t o  t h e  fe a t ion  of m economical weight r educ t ion  
i item etphicl? could be i~nple?nented 011 the S - I n .  Skin th ickness  and web th ickness  

and s p a c i w  were va r i ab le s .  

Other areas of i nves t iga t ion  which could a f f e c t  the  magnitude of weight 

r educ t ion  i n  t he  LEI2 cyl inder  redesign is  t h a t  the  i n t e r n a l  i n s u l a t i o n  may 

provide strength equal LO, or rnore than, t h a t  provided by t h e  r i b s .  

By a skqfl-ilfical,io~i of the cylinder redesign eonsideved i n  the  481 pomd 

es timete, xsirx skill t i r i ck r ress  reduet ion and Se%vi,g~i; the ewls"t;ing web spacing, 



(0-143 to 0.26) in sk in  thick-~ess  w-mld r e s u l t  i n  an a p p r o x ~ t e  weigh% 

sevims sf 360 po~randr;. 

This design ehawe,  which wodd  no t  be o - p t h m ,  wodd nevertheless provide 

a s i g n i f i c a n t  weight reduction t o  the stage,  with a  min of retoobi%, 

and% prs.?rXe the e a r l i e s t  e f f e c t i v i t y ,  A m t e r i a l  savings due t o  use of  a 

t h i m e r  p l a t e  than presentxy used is a l s o  poss ib le .  

3 052 

This i tem proposes using o r ~ a n c e  th rus te r s  i n  place of the  re t ro- rockets  

now used on the  S - ~ B / D / V  Aft In ters tages  t o  a f f e c t  separat ion of t h e  

%awes s t age  from the  S - I W ,  This mthod  of separa t ion  will make poss ib le  

a s i g n i f i c a n t  weight savings, 

The Or&aance m u t e r  Separation System would be a redesign of the  veh ic le  

fo r  8 new st l- iactwal  concept, r a the r  than a rework design, The t b u s t e r  

i s  a cylinder-piston a r r a ~ e m e n t  with a two %oat s t roke  - siszilar t o  those 

used i n  e j e c t i o n  s e a t  ca-captul_ts - b ~ t  s p e c i a u  t a i l o r e d  t o  the s t roke ,  

t %eve1 and t b m t  buildup c h a r a c t e r i s t i c s  des i red  f o r  t h i s  sepa ra t ion  

s y s " c e  Glrdqance m t e r i a l  of a6out 0.4 pow& per t k m t e r ,  when ign i t ed  

. by maras of a confined dekona~ing fuse (CDF) supplies  the  separat ion .force. 

Twelve of these  cbmzscers are  spaced aa.0~16 the outer d i m e t e s  of the  a f t  
. i n t e r s t a g e  with the separation force acting on pads mounted on the s t age .  

The non- fhed  end of the design w i U  a l l o w  excurston of one stage with 

respect  t o  the  other during separat ion.  A anin force of 380,000 pounds, 

considering 8. EO + 2 "out"  thruster conf igmat ion w i U  a f f e c t  separa t ion  

within existiw t h e  requirements, 

Table  3-15 reflects tlac t.~elg'ht savings for one i n t e r n a l  and one ex te rna l  

s r i - a ~ e m e n t  o f  th rc i s te r s  SOT t h e  s - ~ / ~  Vehicle - and onee an e x t e r n a l  

arsmgeneni;, for t he  s-IE~/v Vehicle. 
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mBm 3-15 

P 
(2156) 

Stage (132) 
Retro-Rocket b p i z e m e n t  Curtain 125 

7 Wire Wrap 

II 
In te r s tage  6324)  

Attach Structure 442 

Retro-Rockets 1502 

m i w m e n t  Er~srilat ion 80 

c3@+) 
I 

Stage 

Aft Sk i r t  Modifications 73 

In te r s tage  





p l a t e s  but without the  i n t e g r a l  heat exchanger, would be used f o r  mountiw 

"te equipment. The passive system would be designed for operat ion i n  space, 
I m 

where t h e m %  rad ia t ion  i s  the primary mode of heat t r a n s f e r .  Since the  

ac t ive  system the?o-conditions the  e lec t ronics  both on the  ground and i n  

space -. going t o  a passive system would require an add i t iona l  ground thermo- 

e s n d i t i o n i w  system, A manifold f o r  chcting a gaseous netrogen purge woQd 

be appropriate.  

A p i l - e l k i n a q  weight trade-off for  a passive system on the  S-6VB opera t ional  

s tages  appears i n  Table 3-16,which shows a net  weight savings of 70 pounds. 

TABLE 3-16 

I 
m W 8 - C O W E T I O m G  FOb?rrlARD SKIRT ELECTRONICS 

Wesent System - " ~ c t i v e "  189 l b s  . 
'Iganels 5 st 25 I b s .  $25 

to ,  
Piping Enstal%a"eon 35 

m e m - C o n d i t i o n i w  Fluid 29 
s 

II 
Proposed System - "Passive" U 9  l b s .  

hnebz; 5 a t  16 I b s ,  80 

C;I'omd Tbemo- 
C o a d i t i o n i ~  S y s t m  3 9 

lJeSght Sap,dws 70 Ihbs . 

3 -54 

This  item proposes an a l t e rna t ive  t o  the  positioning of the  six cold helium 

b o t t l e s  an the  s - ~ / D .  When the  reduction from eight  t o  six b o t t l e s  was 

approved ( ~ e f e r e n c e  : Item 44 - EAC ~chievements)  two conf iw-at ions  had 

been studted; th ree  b o t t l e s  on each t 

on the: o ther .  Subsequent a n s l y s i s  revealed t h ~ l t  a l l  s i x  b o t t l e s  could be 

momteel i n  one t u n n e l  without appreciably af fec t ing the usable helium supply 
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car degradiw ~ s s i o m  ~ - e l i a b i % i W ~  I& t o  s i x  mausating pa& a r e  tavai%wb9_e on. 

b o t h  the a w i l i a r y  and t h e  win i w a e b ,  Location or̂  a l l  six b o t t l e s  on 

e l  wodd eliminate the  nee% for  the  auxil iary '  tunnel,  cross 

over pipe assemblies, m d  s u p p o r t i w  braeketry, A dsy weight savings of 1 

This item proposes t h a t  external  surface f i n i s h e s  fo r  the  S-IVB/V l i q u i d  

udrogen  tank be invest igated f o r  a payload ga in  be reducing LH2 boi loff  

(during a 4.7 hour muission) up t o  J-2 engine r e s t a r t .  By a proper choice I 
of surface f i n f s h  t o  achieve a b e t t e r  combination of s o l a r  absorbt iv i ty  I 
(a) and emissivi ty ( E ) ~  a s ign i f i can t  reduction i n  boi loff  (up t o  25 percent)  I 
is possible. 

The present boi loff  r a t e  and the  continuour; vent system provide about a I 
6 pound t h r u s t  f o r  p ropeuan t  s e t t l i n g  d w i w  o r b i t a l  coast  - t h i s  is a I 

design requirement. A reduction i n  boi loff  is possible,  however, 

due t o  the bcorpora t ion  of 5 0 2 - w  Burner (of the  Cryogenic Repressurization 

system) which could provide 16 t o  25 pounds of t t throughout o r b i t a l  coast .  1 
1 
I 
I 

The best  p r a c t i c a l  surface f i n i s h  fo r  reducing heat  input t o  the  may 

therefore  be chosen, Table 3-l7depicts  a number of surface f i n i s h  possi-  

b i l i z i e s  and an e s t h a t e  of the  pwload t o  be gained. I n  most cases, an 

increase i n  s tage  dry' weight %pin r e s u l t .  

3-56 

This i tem proposes using an sir s p r i ~ l j ~ :  i n  place of the  retro-rockets  nar  

used on the ~ - m / m  and S-~TVB/V Aft In te r s t ages  t o  a f f e c t  separa t ion of the  

l w e r  s tage  from the S - m e  ThBs m t h a d  of separa t ion wauld make poss ib le  





The a i r  s p r i ~  s y s t m  wodd put to use the l a t e n t  po ten t ia l  e n e r a  of 

r e s i a u d  g r ~ m d  p g e  GTJ2 t o  p rmide  the separation force .  The present 

design U r n s  t he  purge gases t o  be vented a t  a r a t e  which w i l l  minimize 

the  d i f f e r en t i a l  pressure across the  in ters tage skin .  This idea proposes 

ng a r e s i d u d  pressure a t  lower s tage t t decay; the  severing 

of the  ternion s t r a p  a t  the S-FIB Aft Enterstage f i e l d  sp l ice  by action 

of the  mild detonating fuse would then i n i t i a t e  s - m / l o w e r  s tage separation. 

Psalirninav c a l c d a t i o n s  indicate tha t  a pressure of about 3.4 psig f o r  the  

S-TVB/V and 7.3 ps ig  fo r  the s-IYB/IB would be required. Lower pressures 

w d d  be su f f i c i en t  i f  a re ta iner  curtain were used t o  contain the gas fo r  

a port ion of the separation event. 

. There are  a number of advantages t o  t h i s  system other than weight reduction: 

it w d d  not be prone t o  a t t unbalance as would happen with re t ro-  

rocket separation under a "one out" s i t ua t i on  (which i s  a design requirement) ; 

it would el iminate surface f i n i s h  degradation resu l t ing  from the  re t ro -  

I rocket exhaust, t h i s  degradation may account f o r  as  much' as 800 pounds 

increased I232 boi loff  and a t  the same time preclude or  jeopardize the imple- 

mentation of Item 50, which proposes a surface f i n i s h  change t h a t  would 

reduce boiloff  by about 800 pounds ; it would provide addi t ional  payload capa- 

b i l i t i e s  due t o  both impulse t o  the stage a t  separation and a reduction of 

vehicle drag t2arowh removal of the retro-rocket protuberances; it would 

p r o ~ d e  addi t ional  s t r u c t w a l  in tegr i ty ,  reduce acoustic loads, and provide 

an i n e r t  atmosphere i n  the inteertage which would reduce chances of combustion 
-- 

or an c ~ l o s i v e  gas mk%use, 

The benef ic ia l  weight s a v i w s  would be the r e s u l t  of removing the re t ro -  

rockets and fa i r ings ,  redesign of the s t ruc ture  because of retro-rocket 

rwsva l ,  and removal of strmctural  insulat ion,  th rus t  s t ruc ture  wire wrap, 

and f l m e  sh ie ld  cur ta in  for  the  a f t  s k i r t  e lect ronics  which are protection 

against d m g e  from ret ro-rockets '  plume impingement. The t o t a l  dry weight 

savings i s  depicted i n  Tab le  3-l8. m e  resul t ing net  gain i n  payload capabi l i ty  
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(2206) ' ( 2l.J-7 ) 

( U 2 )  st age ( U 2 )  

Retro-Rocket Impingement Curtain 125 3-25 

Wire Wrap 7 7 

Inters tage ( 2074 ) (1985 

Attach Structure 298 + 14-4 442 160 

Retro-Rockets 1502 1502 

I 4jrrpirgement Insula t ion 80 60 
St ruc tura l  Beemp -0- 221 

Ordnance & Support I n s t a l l a t i on  50 42 

(45) (45) 

Stage -0- -0- 

Inters tage 

Pressure Control System 45 4 5  

Weight Savings (2161 ) (2072 

4.57 

The foundation of t h i s  item i s  t he  anticipated over conservativeness of a  

design based upon an a rb i t r a ry  fac tor  of safe ty .  Vehicle r e l i a b i l i t y  i s  

a contractual  c r i t e r i a  t ha t  pa r t  of the  vehicle r e l i a b i l i t y  assignable by 

math model t o  a l l  s  truc.tures i s  ,99985. If, however, the present design 

fac tors  r e s u l t  i n  a  s t ruc ture  which i s  .999999,,. re l iable ,  then we have 

found an area fo r  po ten t ia l  weight savings. 

I 

Application of s t a t i s t i c a l  d i s t r ibu t ion  and probabil i ty s f  s 

occurreince of a f i n i t e  number of s t r uc tu r a l  design loading influences would 

es tab l i sh  the design c r i t e r i a .  Areas for analysis woad be the  probabi l i ty  
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~2s a result of .this stLaQr is thc: use of an ~ i l t i m t e  f a e l o r  of safety., Tn 
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November 

December 

January 
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March 

June 
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November 

January 
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+. . . 

March 
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I Sequence 

18 

I N D E X  (conttd) 

Report k b e r  Month : ,. .. . . % -  - .~ .? . . 
- .,.. - .. 

. -3.. ....... ..- 

April 




